Data regarding the use of fluoroquinolones in critically ill children are scarce. We present our experience regarding the use of ciprofloxacin in this specific patient population. We prospectively identified all paediatric patients who received ciprofloxacin treatment in the intensive care unit of the tertiary care P. & A. Kyriakou Children's Hospital during a three year period (2005 to 2008). Eighteen paediatric patients (mean age 23 months, 12 females) who received intravenous ciprofloxacin were identified. Various underlying diseases, including malignancy and immunodeficiency, were observed. None of the evaluated patients had cystic fibrosis. Fourteen patients had bacteraemia (mainly caused from Gram-negative pathogens), one had Stenotrophomonas maltophilia pneumonia, while no pathogen was identified in three patients. The latter patients received ciprofloxacin due to the severity of their clinical manifestations. All patients with microbiologically documented infections recovered. Three deaths attributed to the underlying diseases were noted. Within a 10-day follow-up, two cases of diarrhoea, one case of vomiting and one case of reversible supraventricular tachycardia were noted. No case of QT prolongation was noted. The short-term follow-up hampered any assessment of joint and cartilage toxicity, potentially associated with ciprofloxacin treatment. Our study suggests that ciprofloxacin may be a useful option for critically ill children without cystic fibrosis. Even though firm conclusions regarding the safety profile of ciprofloxacin in critically ill children could not be drawn, our study provides useful information regarding short-term adverse events associated with ciprofloxacin.
The broad-spectrum activity of fluoroquinolones, along with their favourable pharmacokinetic/ pharmacodynamic characteristics, makes them an appealing option for difficult-to-treat infections of adult and paediatric patients.
Specifically, fluoroquinolones have been used for the treatment of children with cystic fibrosis (with infections caused mainly from Pseudomonas aeruginosa), as well as for children with complicated urinary tract infections and pyelonephritis [1] [2] [3] . Fluoroquinolones have also been used for outpatient treatment of febrile neutropaenic paediatric cancer patients 4, 5 , and as a compassionate treatment for children who do not respond to preliminary antibiotic treatment. Safety reports regarding fluoroquinolone use for the above-mentioned cases suggest that they are associated mainly with mild gastrointestinal adverse events, including diarrhoea and abdominal pain, headache and reversible arthralgia 6, 7 . Reports regarding quinolone-induced QT prolongation in children are rare 1, 8 .
On the other hand, data regarding the effectiveness and safety of fluoroquinolone use for the treatment of critically ill children without cystic fibrosis are scarce 9 . Consequently, in this study we present our experience regarding the effectiveness and safety profile of ciprofloxacin treatment in critically ill children without cystic fibrosis from a tertiary care paediatric hospital in Athens, Greece.
METHODS

Patient population
We prospectively identified all children who received ciprofloxacin treatment in the intensive care unit of the "P. & A. Kyriakou" tertiary-care paediatric hospital during a three-year period (2005 to 2008).
Data
regarding patients' demographic characteristics (age, gender), underlying disease, diagnosis, isolated pathogens, duration of hospitalisation and fluoroquinolone-treatment characteristics (type, dosage and duration) were recorded. Data regarding the occurrence of diarrhoea, vomiting, abdominal pain, arrhythmias, headache, increased intracranial pressure and laboratory values (blood gas, blood urea nitrogen and creatinine) assessed at four different time points (before and at the third, fifth and tenth day after institution of fluoroquinolone treatment) were also recorded. The collection as well as the report of the data presented in this study was approved by the hospital ethics committee.
Microbiological testing
Conventional methods were used for sample cultures and pathogen identification. Susceptibility was evaluated with the disk diffusion technique, in accordance with the Clinical and Laboratory Standards Institute guidelines 10 . Minimum inhibitory concentrations were evaluated with gradient method Etest (AB Biodisk, Solna, Sweden) when required. Production of extended-spectrum-β-lactamase was confirmed using combined disks (cefotaxime, ceftazidime and cefepime, alone and in combination with clavulanate). The Etest metallo-β-lactamase (AB Biodisk) was used for phenotype detection of metallo-β-lactamase production.
RESULTS
Patient characteristics
Eighteen critically ill children (12 females, mean age 23 months) who received ciprofloxacin during the study period were identified. Various types of comorbidity including malignancy and immunodeficiency were recorded. Detailed data are presented in Table 1 . None of the 18 evaluated patients had cystic fibrosis. In three of the 18 evaluated patients, no pathogen was identified. Due to the severity of the clinical manifestations, ciprofloxacin was administered to the latter patients as pre-emptive treatment. Regarding the remaining 15 patients, 14 had bacteraemia and one had pneumonia due to Stenotrophomonas maltophilia. Detailed data regarding the infections of the 18 evaluated patients are presented in Table 1 . The mean duration of hospitalisation was 34.7 days.
Treatment characteristics
The reason for the initiation of ciprofloxacin treatment in the evaluated patients was isolation of a ciprofloxacin-only susceptible pathogen in seven patients, prior antibiotic treatment failure in six patients (detailed data regarding the antibiotic agents administered prior to ciprofloxacin are presented in Table 1 ), and pre-emptive treatment in three patients with severe clinical manifestations. In the remaining two patients, ciprofloxacin treatment was instituted initially but changed to another antibiotic after three days due to the identification of a multi-drug-resistant pathogen. All the 18 evaluated patients received intravenous ciprofloxacin treatment. Seventeen of the 18 evaluated patients received a ciprofloxacin dosage of 30 mg/kg/day in two divided doses, whereas one received a daily dosage of 10 mg/kg due to multiple organ failure following sepsis. None of the 18 patients had an impaired renal and/or hepatic function, thus there was no need for further ciprofloxacin dosage adjustment. Sixteen patients received a 10-day treatment, whereas two patients received a three-day treatment, as discussed previously. In three patients ciprofloxacin was administered con-comitantly with gentamicin, metronidazole and tigecycline, respectively. Specifically, one of the latter three patients had bacteraemia caused by a tigecycline-only susceptible K. pneumoniae strain. In this patient, ciprofloxacin was administered concomitantly to tigecycline in order to achieve a synergistic effect.
Outcomes and adverse events
All of the 15 patients with microbiologically documented infections recovered. Three deaths attributed to the patients' comorbidity were noted. The three patients who died received ciprofloxacin due to prior antibiotic treatment failure. Diarrhoea occurred in two patients on the second day of ciprofloxacin treatment, whereas vomiting occurred in one patient on the fifth day. No case of abdominal pain or headache was noted in the subset of the evaluable non-intubated patients. No case of increased intracranial pressure, as assessed with transcranial Doppler ultrasonography or inferred from complaints of headache, was noted. Supraventricular tachycardia was noted in one patient on the fifth day of ciprofloxacin treatment. This arrhythmia was reversible. No case of QT prolongation was reported in our case series. Laboratory abnormalities suggestive of renal function impairment were not observed in this case series. The 10-day follow up of the 18 involved patients precluded the assessment of joint, joint cartilage and tendon toxicity, potentially associated with ciprofloxacin treatment. . aeruginosa strains were multi-drug resistant pathogens, ‡ ‡ One of the isolated K. pneumoniae strains was a metallo-beta-lactamase and extended spectrum beta-lactamases producing strain, ‡ ‡ ‡ Tigecycline was administered in the case of bacteraemia caused from a metallo-beta-lactamase and extended-spectrum beta-lactamases producing K. pneumoniae strain.
DISCUSSION
We report a case series of 18 critically ill paediatric patients who received intravenous ciprofloxacin for the definite (15 patients) or pre-emptive (3 patients) treatment of infections caused mainly from Gramnegative pathogens. All patients with microbiologically documented infections were cured from the infections. However, in two patients the isolated causative pathogen proved to be resistant to ciprofloxacin, whereas another patient had bacteraemia caused from a tigecyclineonly susceptible, carbapenemase producing K. pneumoniae strain. In this patient, ciprofloxacin was administered concomitantly to tigecycline. Consequently, in the latter three cases, the observed clinical improvement cannot be solely attributed to ciprofloxacin. Three deaths were noted, all attributed to the patients' co-morbid illness. Within a shortterm follow-up of 10 days, three cases of gastrointestinal adverse events (diarrhoea and vomiting) and one case of reversible supraventricular tachycardia occurred. However, long-term adverse events including joint, joint cartilage and tendon toxicity potentially associated with ciprofloxacin treatment were not assessed.
Published evidence from animal studies suggested a potential association between fluoroquinolones and joint toxicity in juvenile animals. This type of toxicity involved immature joint cartilage of weight-bearing joints, epiphyseal growth plates and tendons [11] [12] [13] . This resulted in a restrictive use of fluoroquinolones to paediatric patients. Fluoroquinolones have been occasionally used for treating children with cystic fibrosis, complicated urinary tract infections, febrile neutropenic children with malignancies, and those with infections unresponsive to conventional antibiotic regimens. However, the encouraging safety data gathered from the experience of fluoroquinolone use for the abovementioned indications [14] [15] [16] , in combination with other factors including the development of fluoroquinolones active against penicillin-resistant pneumococci 17 , intensified the discussion regarding the off-label use of fluoroquinolones for children.
In our study, we focused on 18 critically ill children, without cystic fibrosis, who received intravenous ciprofloxacin. The reasons for ciprofloxacin treatment in our patients included prior antibiotic treatment failure and/or isolation of a ciprofloxacinonly-susceptible pathogen. Yet in three patients ciprofloxacin was administered as pre-emptive treatment, due to the severity of the patients' clinical manifestations, whereas in another patient who had bacteraemia due to a tigecycline-only susceptible K. pneumoniae strain, ciprofloxacin was administered in combination with tigecycline to achieve a synergistic effect 18 .
Contemporary studies which have focused on the re-evaluation of antibiotic agents with a restrictive use in paediatric patients due to safety considerations, including colistin, have shown that these drugs appear to have an acceptably safe profile when administered to children with difficultto-treat infections, such as those caused by multidrug resistant pathogens 19 . In our study, mainly mild adverse events (three cases of gastrointestinal adverse events, including two cases of diarrhoea and one case of vomiting) were noted. Quinoloneinduced arrhythmia, including QT prolongation, is regarded as a rare adverse event, associated with specific fluoroquinolones, and most likely to occur in populations at risk for arrhythmias 20, 21 . Published data regarding ciprofloxacin-induced QT prolongation in children are scarce 8 . No case of QT prolongation was reported in our case series. The one case of arrhythmia observed during ciprofloxacin treatment was a reversible supraventricular tachycardia. Similarly, another case series evaluated neonatal and critically ill children who received ciprofloxacin concomitantly with other antibiotic agents and after preliminary antibiotic treatment, for infections caused from multi-drug resistant isolates 9 . All these patients recovered from the infections and minor adverse events were noted during ciprofloxacin treatment.
Our study has limitations that should be taken into consideration in the interpretation of its findings. First, the number of the included patients is rather small. One may also consider the inherent limitations of a descriptive, non-comparative study before extrapolating the findings of this specific study. Finally, in our study, the assessment of joint, joint cartilage or tendon toxicity potentially associated with ciprofloxacin treatment was hampered due to lack of a long-term follow-up.
Even though methodological limitations hamper the establishment of firm conclusions, our study adds useful information regarding the effectiveness and safety of intravenous ciprofloxacin treatment in critically ill children without cystic fibrosis. The lack of evaluation of joint, joint cartilage or tendon toxicity potentially associated with ciprofloxacin treatment is also a considerable limitation. However, useful information regarding short-term adverse events associated with ciprofloxacin treatment is derived from our case series. Consequently, clinicians may consider intravenous ciprofloxacin as a treatment option in critically ill children without cystic fibrosis who have infections caused by multi-drug resistant pathogens or do not respond to prior appropriate antibiotic treatment.
